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ABSTRACT

This computer program provides launch to burnout, two-

dimensional, point mass trajectories. It is a very flexible program

in that it may be based on a large variety of conditions used to control

the program. The standard atmospheric conditions and gravitational

field are included.

The two versions of this program are written in FORTRAN II.

The most flexible version. SPI IA. is card tape approach, but it

requires a longer "run" time. The SPI I B is the all-card approach.

It can be used on either the IBM 1410 computer or the IBM 1620

equipped to use FORTRAN I.

Approved By:

Charles F. Ostner
ChiefjMissile and Space Intelligence Branch
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LIST OF SYMBOLS

Symbol Computer Symbol

m o  BIWT Total initial mass - slugs

VL VL Longitudinal velocity - ft/sec

L AL Missile length - ft

A A Vehicle reference area - ftO

D D Diameter of missile - ft

dt DELT Computation interval - sec

0 THETA Angle of the velocity vector
with respect to the horizontal

measured counter-clockwise -

radians

T THRUST Thrust in pounds force

g GRAV Acceleration of gravity as a
function of altitude

RMAS Propellant weight flow rate -
lb/sec

M n  MASS Mass at a specific time - slugs

t T Time of flight - sec

Ma AM Mach number

C s  SOS Sonic velocity - ft/sec

PD DPW Dynamic pressure due to wind -

lb/ft2

V w  VW Wind velocity as f (Y)- ft/secI
I
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List of Symbol. (Cont.)

Symbol Computer Symbol

p DEN Density of air as f(Y) - slugs/ft 3

Ae AE Exposed area for wind effect
consideration - ftZ

AD AD Acceleration due to drag -

ft/seca

A w  AW Acceleration due to wind -

ft/s ecz

AT AT Acceleration due to thrust -
ft/secz

A x  AX Acceleration in the X direction -
ft/secZ

A AY Acceleration in the Y direction -
y ft/secz

A1  BL Acceleration along the trajectory -

ft/seca

Vx  VX Velocity in the X direction -
ft/sec

Vy VY Velocity in the Y direction -
ft/sec

VL BVL Velocity along the trajectory -
ft/sec

X X Distance along plane tangent to
earth at launch point - ft

y Y Distance perpendicular to plane

tangent to earth at launch point -

ft

L CVL Slant range - ft
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List of Symbol. s(Cant.)

Symbol Computer Symbol

Range ANM Range along earth's surface - NM

a ALPHA Thrust alignment angle - radians
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INTRODUCTION

This computer program was developed as a tool for studying boost

phase trajectories. It is used to investigate the interaction of the basic

ballistic parameters such as thrust, mass, drag, gravity, and wind.

The present program allows only two degrees of freedom of a point

mass. However, a subsequent program will provide for four degrees

of freedom.

The output of this program includes time of flight, range,

altitude, acceleration, velocity, flight path angle and other missile

and trajectory-related variables. Because of the relatively short

distance traveled and the short flight times associated with the launch

phase, it was nuot considered necessary to use an earth-fixed geocentric

co-ordinate system. The two-dimensional co-ordinate system used

in the program has its origin at the launch point. The X-axis represents

range and is tangent to the earth's surface at the launch site. The Y-axis

represents altitude and is normal to the earth's surface at the launch

site.
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ANALYSIS

Initial Conditions

Almost any combination of initial conditions can be used. In

addition to standard trajectories based on surface-launched missiles

having zero initial velocities, this program can be used to calculate

second stage boost trajectories or air-launched missiles and other

trajectories based on non-standard conditions.

The iteris of information to be punched on IBM cards are:

Items Comments

RMAS Propellant weight flow rate before the thrust
reduction period - lb/sec

BIWT Initial mass - slugs

FWT Missile weight at burnout - lb

VL Initial longitudinal velocity - ft/sec

AL Missile length - ft

A Vehicle Referenct Area - ft'

TIME Time thrust reduction begins - sec

DELT Computation interval - sec

D Diameter of missile - ft

TIIETAO Angle of the velocity vector with respect to
the horizontal measured counter -clockwise

at launch - radians
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Items Comments

AKI Angle of the velocity vector with respect to the

horizontal measured counter-clockwise at
burnout - radians

AK4 Pitch angle to be imposed on the missile after
time (TP) - radians

THRUST Initial thrust - lb

ALTO Launch altitude above earth's surface - ft

DRAGO Initial drag - lb

ALAM First limit on drag coefficient curve

G Acceleration due to gravity at launch altitude -

ft/sec

ALAMI Second limit on drag coefficient curve

TP Time to impose the pitch angle AK4

FTIME Time of burnout - sec (If no thrust reduction
period is desired, let FTIME and TIME be
the same.)

ALA The longitudinal acceleration to be imposed
on the missile during the thrust reduction

ii period - ft/sec z

FRMAS Propellant weight flow rate during the thrust
reduction period - lb/sec

SSI Control switch. If SSI > 0, use a thrust
curve as ((time) on tape drive 6. If SSI>0,
either a constant thrust or a computed thrust
will be used. For this decision check THRU
and TTTT.

SSZ Control switch. If SSZ > 0, use a wind profile
curve as a f(altitude) on tape drive 5. If SS2 < 0,
no wind consideration will be made.
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Items Comments

SS3 Control switch. I SS3 > 0, use a pitch program
with changes in 0 as a f(time) on tape drive 7.
If SS3 < 0. 0 will be computed.

SS4 Control switch. I SS4 > 0. use an acceleration
curve as a f(time) on tape drive 8. If SS4 < 0,
the acceleration will be calculated.

SS5 Control switch. If SS5 > 0, time, AL , VL ,
Y and X will be punched in a card for each
computation interval.

For the version of the program which utilizes tapes as well as

cards, the items of information to be stored on magnetic tapes are as

follows:

1. Drag coefficient as a function of Mach number

2. Wind velocity profile as a function of altitude

3. Acceleration as a function of time

4. Thrust as a function of time

5. Flight path angle as a function of time

4
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Development of Equations

1. Thrust

(a) When thrust is used to drive the program, it is used either as

a constant or a tabulated variable. Input into the program is

based on the following relationship:

AT = T/m n  (1)

where:

AT = Acceleration due to thrust

T = Thrust

M n = Mass at any time

(b) When a pre-programmed longitudinal acceleration is used to

drive the program, thrust becomes an output and is described

by equation (2):

T m- t (AL  A D + g sin 0 -A W coo ) (2)

where:

m o  Initial mass

Ir d Mass flow rate

1 t u Burn time

a a Thrust alignment

I AL a Longitudinal acceleration

I
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AD a Deceleration due to drag

g a Acceleration due to local gravity

0 = Flight path angle

AW = Acceleration due to wind

2. Drag

Drag is introduced into the program by means of the deceleration

equation below:

AD= P VLZ CDA (3)
m

n

where:

p = local air density

VL = longitudinal velocity

CD = drag coefficient (f(Ma)

A = reference area

The drag coefficient function is based on a sero angle of attack.

It is a function of Mach number and is included in the program

on tape or as a subroutine depending on the program version.

l
3. Flight Path

I The program is set up in such a way that flight path can be an

input as a function of altitude or an output based an equation (4):

0 = tan"I Vy/V X  (4)
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4. Wind Effects

Accelerations which are a function of wind are included in the

program by way of the relationship described below:i
Aw =PDAE (5)I mn

where:

P dynamic pressure P VwZ
D 2

I AE = exposed area = LDsin 0

V W = velocity of the wind

I L = length of missile

I D = diameter of the missile

5. Composite Accelerations

Summations of the accelerations along the X and Y co-ordinates

I ~re obtained from equations (6) and (7).

I AX = AT cos (0 Q) AD cos 0 + AW (6)

I Ay = A. sin (0- a) -A D sin 0 - g (7)

1 6. Longitudinal Acceleration

I Longitudinal Acceleration is then a resultant of the X and Y

accelerations as described by equation (8):

I
AL = AX coso0 + Ay sin 0 (8)

I
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I
I 7. Velocities

Velocities are obtained from integration of the various

accelerations.

t

VX = fAx dt (9)
0

t

VY = fAy dt (10)
o

t
VL = J'AL dt (11)

0

8. Distance Traveled

The X and Y co-ordinates and the longitudinal distance traveled

are obtained by integration of the corresponding velocities.

t
X = f Vx dt (1Z)

0

t
Y = f Vy dt (13)

0

t

L = J" VL dt (14)

0

1
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I Enter 481 from Page 9
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1 Convert units
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Enter 23 from Page 11
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Enter 16 from Page 12
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I ~DPW 0 F---
Call Wind 4

I r 31
(Page 14)CmptDP

13



Enter 26 from Page 13

Read
Input Tape 5

I vw

Compute DPW
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Enter 38 from Page 16 Enter 37 from Page 16
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1Aph Aph 1Interpolate for 04

Enhter IS13 from_______

Page 14or 15 153
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7030
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Enter 704 from Page 17 Enter 705 from Page 16

704 705
Interpolate for Al- Ala 1
Longitudinal Ala 2 = Ala 1
Acceleration F time 2 = F time I
Backspace 8 T = Ftime I

Enter 7d2

from Page 16 76
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Input card for
Thru &TTTT

+

+ 70 cccffcccc + I
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(Page 18)
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Enter 911 from Page 17

Copt AT& A

iComputeA &B

I 51
vx =0

Compute of Sense Light on_, = BL
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CVL= 0

Sense Light

S44
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I FORTRAN STATEMENTS

I SPIIA Version
Card-Tape



CARD TO PRINT 80/80

FORTRAN RUN
B~OP 16

C LAUNCH PHASE TRAJECTORY BY W B WARREN FOR RESEARCH STAFF
C 24 AUGUST 1962
C
C
C P R O G R A M NO. 649
C RVAS 9 PROPELLANT MASS RATE OF FLOW - LBS/SECF C 81W! 0 TOTAL INITIAL WEIGHT -POUNDS
C FWT 0 MISSILE WEIGHT AT BURNOUT -POUnS
C VL 0 INITIAL LONGITUDINAL VELOCITY
C AL 0 PISSILE LENGTH -FEET
C A 0 VEHICLE REFERENCE AREA -FEET
C TIME N TIME OF BURNOUT -SECONnS

C C 0 DIAPETER OF MISSILE -FEET

C OTHETA 4 ANGLE OF THE VELOCITY VECTOR WITH RESPECT TO THE HORIZONTA
C IL -RADIANS
C AKI 0 TIOETA AT BURNOUT - RACNANS
C ALPH-A 0 ANGLE OF ATTACK
C THRUST 9 POUNDS FORCE
C ALTC 0 LAUNCH ALTITUDE
C ORAGC 0 INITIAL URAG
C ALAP I LIMIT ON DRAG COEFFICIENT CURVE
C ALAPI 9 LIMIT ON DRAG COEFFICIFNT CURVE
C G N GRAVITATIONAL FORCE FOR LAUNfCH ALTITUDE
C OUNITS OF TABLES USEC -SPELl) OF SOU)ND-FT/SEC. DENSITY-LO/FTee3, GRA
C IVITY -FT/SECou2, ALTITUDE -FILT
C
C

REAL 100,RM6S9BIWT, FWT#VLAL
REAL 10O9'ATIMEsOELT9,UTHLTA
HEAL t00,AKt9AK4sTHRUSToALTO*0RAGOIREAL 100,ALAMGtALAM1,TP,FTIME
REAC 100.ALA*FRMAS
REAL lOOSSvS.529S39S4vSS5
PRINT 1000,RMAS#AIWT, FWTVLAL
PRINT 1001,ATIMEtOELTD, THITA
PRINT 100?,AKl, iK4,THItUST.ALT)1ORAGO

1000 FOI4pAr S1Hl,6p'.poAS ,El5..,?K,)(6HIWT ,E15.892Xt6HFWT *El5.8*2KvI 6MVL ,i15.892X961 L tEts.MD
1001 FCRPAr 2111 ,6H A ,LI5*Rv2Xv6hTlML 91:15*892X966HOELT *EI5.TI,2Xv

16HDIAP ,EIS.8,2Xt6PTHETA ,EIS.OnI 1002 FGRPAt l1H 961 KI 9E15.892Xo61 K4, vEI5*8t2Xv6HTHRUSTvE15.9,2K,
t6H'kLTO vEI5o8,ZX6IDRAG tE15.8a
SENSE LIGHT 2
xxxx N 0.
Tt4(TO #THETA
NK3 N 30.

ALPH-A 0 0.
100 ICRPAT %SE15.8u

CCCC 9 0.
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CARD TO PRINT 80/80

IPAGE 0 0
CCNTR 0 0.
SENSE LIGHT 4
APASS # eIWT
ALT 0 ALTO

1400 RCAC INPUT TAPE l,2000tALT19DEN1,GRAV1,THRUIsSOSI
2000 FCRPAT %5EI5.Rn

IF"ALT 1-500000.048 1,48l1.482
482 SCS10O.
481 DENIEN1..0310807453

IF XALT -ALTl lo2t3
3 ALT29ALT1

0EN200EN
GRA V2 NGAAV I
THRU2 a THRUI
SCS2 a SOSI
GC IC 1400

2 ALT #ALT1
GRAy AGRAVI
DEN NCENI
ALT? # ALTI
GRAV2 a GRAVI
DEN? a CENI
scs? 0 SCSI
scs #SCSI

40 IF %SSID79796
I ALRAT I %ALT-AL12u/%ALTI-ALT2u
DEN a DEN? - %ALRAT*.CEN-DENaIuv
t;HAVO GRAV2-ALRAT*2RAV2-GRAVrIa
IF~ IsSI - SOS20 13019130291303

1302 SCS a SCSI
GC UC 1304

1301 SCS 0 SCS2 - ALRAT g SOS2 - StSIV
GC IC 1304

1303 SCS a SCS? ZALRAT SflS1 - SoS2nL
1304 BACI(SPACE I

GC IC 40
I IF tTHRUSTu 8.9,10
9 SEKSE LIGHT I

GC IC 23
8 GC IC 10
10 THRtUPIHRIST

GC IC 23
6 REAt INPUl TAPE 6,21,009T19TI-RJI

2100 FCRPAT 12E15.80I IF 21-TI07700,7201t7202
1201 THRU a IHRUl

ITiRU2 a T14RUI
GC It. 23

7200 TFRU74TI-RUI.

GC IC 6I 7202 TRAI 021-T20/tT 1-T~o

24



CARD TO PRINT 80/80

THIRU 0 THRU2 & %%THRU2-THRU~n*TRATa
BACKSPACE 6
GE IC 23

23 APNVL/SCS
IIF2*P[387,76ott

76 ORAGMO.
GC TC 151I 11 REAC INPUT TAPE 292200#AM1,DRAI
IF IAt' - ALAM.15#15,14

14 IF 2AI-ALAM1016,16t]5I 15 IF %AIP-AMlol7,l8tl9
19 DRAG? N DRAGI

AI'2 4 AIol
GC IC 11

18 DRAG 0CRAGI.
APAC4 # AMI
BACKSPACE 2
Gr. IC 151

1? AP'RAT 0 tAM-AM2a/XAM1-AMZO
9A~AC N CRAG?-AMRAT*%RAG-iCAGlc
AtdACH N AM
OACKSPACE 2
GC IL 151

16 IF 24AP-AMIa?0,21,22
20 AI'HAI 0 IAM-AM70/%AMt-AM2a3

CI4AC 0 CRAG2ELgAMRAT*.URAG-ARAG2nhi
APACli N AM
PACKSPACE 2
GC IC 151

21 OHAC 0 CRAGI
APdArA N API

22 CRAC? 0 DRAGI
AP? 0 API
GE: I(. 11

151 IF .,SS~nri?,fl,6

G6 IC 22?2
*26 RFAU INPIJI TAPE So2200,HEIGI,9VW1

30 HEIs I~ N -IGI
Vw2 a Viii
GC IC 26

-28 lIRAT N %HctG1-ALra/tHEIG1l-HEtG,2L
Vw N VWt-%#,RATcfZVWI-VW~a

31 CPW VflCENovVW**2vu/2
BlACKSPACE S
i~c it ?22I29 Vw N V~l
GC KI 31

2222 ACN1Z1./2.a.CE;4.2VL..2a.0RAG.Ao/ANASS
IF It - 1Pn153,91539915

915 IF M0Sai?17732



CARD TO PRINr a0/80

777 IF IALPItAU1529153,153
32 REAC INPUT TAPE 792300,TIM1,THErI

2300 FCRPAT 2EIS.80
IFST-T IP 1n34935,36

3S THE12 OTHETI
Ga TC 152

36 TIM2 OTIMI
THET29ThET I
GC TC 32

34 TIAr#%T-rIM2]3/%T imi-r IM2n
THET2 #THET2-%TRAT*%HET2-T4ETlLI

152 REAC INPUT TAPE 9t23009 7 M3tALPI
IF XT-TIM3n37#38,39

38 ALPI-A SALPHI
GO TC 153

39 TII'40TII'3
ALPI2 NALPHI
GC TC 152

37 T3RAT 02T-TIM4c2/%TIM3-TIM490
ALPIA I ALPI-2 -%T3RAr*%ALPH2-ALPH13

153 AE ID ALOC*SINF4THETADI
AWflCPW*AEu/AlAASS
IF ISENSE LIGHT In 100,701

700 IF ISS40 702,7029703
703 REAC INPUT TAPE 8t2200tfJIMEIALAl

2200 FORPAT 22EI5.80
IF IT-FT114Ea049705#706

706 FTIPIE2 MFTIMEI
ALA? IDALAt
Ga IC 103

705 ALA #DALAI
AL Al IAL A
FTIPE2#FTIMEI
I #FTIMEl
GC TC 702i704 TIVE.R 0 %T-FTIME20/%FTIMEL - FTIME2a
ALA VALA2 -STIMER*XFTIME2 -Fl IME100
OACKSPACE 8

102 IF ICCCCo7699769#770
769 REAEtI00.rIHRUTTfT

Cccc 0 CCCC E 1.
GC TC 911

170 IF II'MraSol,01,911
S01 IHRUS :AMASs/cnSF:ALPHAmO.:ALA&ADEAG.SINFTHETAo-AW.COSF:THETAOu
911 AIIMRUIAMASS

Ax 0AteCOSFZTHETA - ALPHAI' - XAD.COSFITHETAnat AW
IF 2AX - loa925992St926

925 AX 1 0.
926 AY N AT*SINFXTHETA - ALPHAI" - ZAO.SINF :T"EtAaU3-GRAV

61. 9 AX* COSFXTHETAD & AY* SINFXTHETAG
IF 2SENSE LIG-T 4051052

st vy 0.0
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CARD TO PRINT 80/80

BVLM BL

CVL 'D 0.
SENSE LIGHT 4
GC TC 54

52 VX NVX t %AX D ELT
VY a VY E SAY *DELTO

902 BVL N SCRTFVX#o2 E VY0020
X a X E VX*CELT
Y a Y E VY * CELT
CVL 0 SCRTFXe2 E Yoo2m

54 AG a GRAV
296 CCNTR NCCNTR E 1.

IF lCCNTR-1.a297,298t299
297 PAUSE
299 IF XCCNTR -r.D399, 399, 365
365 CCNIR a 0.

GE IC 296
298 IPACE a IPAGE E I

PRINT 5000, IPAGE
5000 FORP'AT 21HI11OXi5HPAGE ,130
399 PRINT 4999

4999 FCR#'AT %I11 .//
5701 AAAAI a ALPI4A/.01745

AAAA? a THETA/.0174bj
PRINT 5001,1 ,X*YtCVLtAAAAI

SOOIOFORPAT %I14 t6ITIME oLIS.B,?K,31- X ,E15.8t2X#3H Y tE15o8,2Xt3tl L
1E15.8,#2X96PALPHA 9EI5.90

ALT a Y t ALTO
PRINT 50029TI4RUvVXVYtBVLoAAAA?

S0020F(.RWA %1I4 o61THRUST#E15o8#2X93FiVX PEI5.Rlt2Xt3HVY tk15.892Xo3HVL
IEIS.RoX964T1ETA 9E15.Ru
PRINT S0039AI4ASSoAXvAYv8L9AC

50030FCRPAT 21IN 96HMASS vEI5.Rt,?Xt33IAX ,(15.A92Xs3HAY vE15.1i,2Xv3tlAL,
- 1L15.R.2Kv6-4G OE15.RU

PRINT 50049AWtATtADMEdAM
750040FCR'AT 51I4 961AW 9E15.*89 MK,3tAT vE I S So X9 3HAO 9E IS*892Xv3HDL No

IEI5.fI,7Xt61AM VE15.80
PRINT 5005SSSANMvAtoD9ALT

5C0FCRPAF 514 96PSOS 9 ,E IS. 89 ?X3-NM of15.89?Xi 3HAE ok 15.892Xo3li 1-1 ,
1E15.8*ZX,64ALT 9EIS.Aa
PRINT 5006,CRAG#AKlVWtDPW*GRAV

5006OFCRPAt %I14 96HDRAG vEIS.89?Xv3l4K1 vFI5.8v2Xv3HVW @EIS*8o2XtH1W#
1115.8,PX96146RAV 9ElS.enI IF ISS50O70101910

910 PUN(14 3900vT#0VLvhLvALT9X
3900 urRPAT 15F15.40

701 T N I E CELT
IF %CILLflfO49804,?96

796 If Z~XXXaN7,99?t98
797 MAMA a xxxx E le

27



CARD TO PRINT 80/80

RPAS N FRMAS
THRUST 0 0.
T N T - CELT
CELT X .1
I # T E DELT
BILL N 0.
TIME # FTIME
GC TC 1903

804 IF :% - TIMEm1903tl903tI900
1900 T N I - C~ELT

CELT 0 TIME - T
T 1IME

BILL N BILL &I,

1903 BIWT N BIWT -::RMAS*DELTn/37,17,o
APASS U BIWT

391IF *SNE IH 4u390193902

GC IL 390

393VL 6 OVI
IF '%I - TPu9009900.909

900 IElb N TI4ET0
AI.PtA U 0.
(,C If 97?0

909 IF IT-2TPEAK3009O901,ehlz?
872 bLPI-A U 0.

GC IC 800
901 ALPA U AK',
800 THEIA UATANFVY/VXn

9720 IF 7TIPI -Tln87v1400ql4,Oo
87 SlOB;
798 STOP
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CARD TO PRINT 80/810

Il) RI 14AN RUN
M(IP 16

C LAUKCH PHASI IIAJLCTORY SY W 8 WARREN FOR RESEARCH STAFF
C 24 AUG;Usr 1962
C
C
C P R O G R A M NO. 649
C RMAS M PROPELLANT MASS RATE OF FLOW - LBS/SEC
C BIWT N IOTAL INITIAL WEIGHT -POUNDS
C FWT 0 MISSILE WEIGHT At BURNOUT -POUNDS
C VI 4 INITIAL LONGITUDINAL VELOCITY
C AL 0 M'ISSILE LENGTH -FEET
C A N VEHICLE REFERENCE AREA -FEET
C TIME 0 TIME OF BURNOUT -SECONDSIC 0 0 DIAM~ETER OF MISSILE -FEET

C OTHETA 0ANGLE OF THE VELOCITY VECTOR WITH RESPECT TO THE HOR! LONTA
C 1L -RACIANS

C AKI a THETA AT BURNOUT - RADIANS
C ALPI-'A N AN4-vLE OF ATTACK

C THRUST Ni POUNDS FORCE
C ALTC 0 LAUNCH ALTITUDE
C DkACC 0 INITIAL DRAG
C ALAI' I LIMIT ON DRAG COEF-FICIENT CURVE
C A LAi 1w1 LIMIT ON DRAG COEFFICIENT CURVE
C G io GRAVITATIONAL FORCE FOR LAUNCH ALTITUDE
C miNI IS Of TABLES uSEC -SPF10 OF sOUND-FT/SEC, DEIISITY-LB/FT**39 19RA
C IVIJY -Fl/SEC..?, ALTITUDE -f-LLT
C
C
ROSH1 FR(HAl 11.15.90U

REAL DH989SCLASSI R[AL 100,RMASIIIWT, FWTVL ,AL
REAL IO0,A, IIMFDELTU, THETA
REAL IE0.AKl.AK',,THRUT,ALTI),IJNAGOI '~RI A~u 1.t AL AM, (.AL AMITlPvfI Il
14LAL lOO.ALAFI4MAS
REAL I00,SSI,'%S?.SS39SS,,SS
CA~LL (LAS 'ISCLASSU
PRIKT I(JO(J,9MASIRIWTfItVLqAL
PRIl\i I~fIvA9TIMEI)LLT*0tlH(TA
PR4I NI 100? AKI, AK4,tHR)SF, AL TOIA~iII (ALL1 W.AS %%C.LASI

1000 fIlPIHIA I III, 61RMAS vLl5.8vle.6HIWl E1 So 89X,6HFWT eI21'5.8,Z1.

1001 Ff KiAr 1TH ,6H A *El'j.PItfl6HTIl4E ,El5.6t2Xv6HDElLT ,EIs.stax,
1041) 1 AP ,fI- l'.8, ?X,61IHETA vtl5.U

I ~ /I /A At///// I V vfI U*X6HR6

%fkNt. LIGHIl 7

flil 10 0 1If I A

AlKS a 30.
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CARD TO PRINT 80/80

ALPMA 0 0.
100 FORI'AT I5E15.80

T 0 0.
CCCC 9 0.
BILL 0.O
IPAGE 0 0
CCNTR 0 0.
SENSE LIGHT 4
AMASS I a W
ALT N ALTO

1400 CALL TAP ZGRAVALTATEMKAPNMM.UENSOSATEMRO
IF %SSID?97,6

7 IF %TI4RUSTc 8,9,10
9 SENSE LIGHT I

GC 7C 23
8 GC 10 10

10 THRUOTHRUST
GO TO 23

6 REAL INPUT TAPE 6,Z100,Tl,r4RUI
2100 FORPeAT %2EI5.80

IF IT-TIa7200,7201#7202
7201, THRU 0 THRUI

THkU2 0 THRUI,
GC TO 23

7200 THRU21Tt4RUI,
12 0 ri
GC TO 6

7202 TRA ISfT-T2aISTl-T2o
THIRU 0 IHRU2 & XTHRU2-THRUIU*TRATO
BACKSPACE 6
GC TO 23

23 A#P4VL/SCS
IFPDRs87,6911

76 ORAC4O.
GO IC 151I It CALL DIRAGC0 tCRAGAMACH,A~o

151, IF %SSZ027927,26
27 DPV. 00.

GO TO 2222
26 CALL WIND XALT*VWa
31 OPwlCEKVW**Z./2,

2222 A0b211./2.a.OEN.VL'20tRAG.AO/AMASSI IF IT - tPaI53vl53v9l5
915 IF ISS3o???t?77,32
??? IF %AL~m4Aa15291539153
32 REAL INPUT TAPE 792300*TIMITHETI

2300 FORPAT 32EI5S.
IF~f-T1Plu34, 35,36

35 THrI? OTHIETI
GC 10 152

36 TIP? IT INI
IHE129 TIET I

GO TC 32

30



CARD [o PRINT 80/80

3'. TIRA[MtT-rim2u/s'imiM-rIM2u
THFIT2 #THET2-%TRAT*XTHET2-THETIvD

152 REAC INPUT TAPE 9923009TI43ALPIII
IF %T-TIM3u37,38939

38 ALPHA IALPHI
GO TO 153

39 T11449T1M3
&LPI,-2 SALPHL
Go T0 152

37 T3RAT I2T-T1M40/XTIM3-TIM40
ALPI-A 9 ALPI42 -XT3RAT*XALPH2-ALPHImCI153 4E 0 ALeO*SINFXrHErA1a
AWslCPW .AEu/AMASS
IF %SENSE LIGHT In 700,701I700 IF XSS~a 702,702,703

703 REAC INPUT TAPE 8,2200,FTIMEIALAI
2200 FORMA X2EI5*8u

IF IT-FTIMEa7O4*705,706
706 FTIPE2 OFTIME1

ALA2 #ALAI

GO TO 703
705 ALA MAI

ALA29 ALA§I
FTIPvE2IF1 IMEI
I MFTIMEI
GOc ic 70?

704 TIPtR I %T-Fl IME2aflFTII4EI - FTIME20
ALA OALA? -UIM11ER*FT IME2 -FT IME baI HBACK(SPACE 8

70? IF VC.Cu1697699770
769 REAL I00,TI'RUTTT

Gc Tc 91)

AX I AtvC0SFZlHE1A - ALPHiAn - SADGCOSFXTHETAaaE AW
IF IAX - *10925,925992692 AX 0 0.

96AY I ATeSINFIUHETA - ALPHAI - %AD*SINF XTHETADU-GRAV

01. I AK' COFTIETAD E AY* SINFgTIIETAa

IF %SENSE LtIT 4fl51952

VY 0 0.
I5VLO hI

y 0 0.
CVL 0 0.

5? VX NVX E 4AX *CELT a
VY 0 VY &. ZY *DIELTU

902 BVI. 0 SCRTFVXO*Z VY9020

3 31



j CARD rO PRINT 80/80

X 0 X E VX*CEL'
Y a Y E VY * CELT
CVL N SCRTFX*02 E Y*0213

54 AG 4 GRAV
296 CONTR #CCNTR & 1.

IF 1CCNTR-1.n297o298,299
297 PAUSE
299 IF ICONTR -7.0399o3999365
365 CONTR a 0.

PRINT 9462
9462 FORP'AT %IHKn

CALL CLASS %SCLASSa
GO TC 296

298 IPAGE N IPAGE & I
PRINT 5000, IPAGE

5000 FORIOAT XIH1,1OXp5HPAGE 9,Irn
CALL CLASS ZSCLASSO

399 PRII'T 4999
4999 FORt'AT %114 P//ta

* 5701 AAAA1 a ALPI4A/*01745
06AA2 a THETA/*01745
PRINT 5001,TX,Y,CVL,AAAAI

5001OFOR'AT X1H *614TIME vE15.Av2Xv3H X *E15.8o.2X,3H Y tE15.8t2X93H L
I.E15.18,?X96IALPHA qE15Su
ANt' f X/6080.
ALT a Y E AUGO
PRINT 5002qTHRUqVXqVYBVLAAAA2

50020ORi'Ar %1H v6MTHRUSTvEI5oR,?X*34VX tEI5.Av2X93HVY ,El9.Rt2Xt3HVL
IE 15.8,2X,6HTHETA tE 15.80
PRINT 5003tAMASS@AX*AY9BLvAG

50030FOR'AF 11Hl v6hMASS ,E15.892X93iAX ,EI5.8,ZXp3HAY .E15*892X$.3JALt

PRINT 5004,AwOArAO,DENPAM
50O4OFOR Af %III 961AW ,E15.8t?Xq3HAT ,(15.892X,3HAD vE15.8,2Xv3HDEN,

1E15.83,2X#6elAM VE156ou
PRINT 50O5vSOSvANMtAk#O.ALI

50050F0RPAT %III v6t4S0S ,E15.8,?J(.3INM 9115.992Xp3HAE tEI5.89ZX93H 1)
1E15.tI,2X,6HALT 9E15.99U
PRINT 5006@CRAG@AK1.VW#DPWtGRIAV

50060FCR?Ar %IH t61$ORAG tE15-R,2Xq314K1 tl15.A,2X,3HVW ,E15.8,ZX#3HDPWp
1E15.l8,2Xt6lIGRAV ,EIS.8fl

IFI- SSSuIOIOIO0910
910Q PONCII 3')0EJtvVL#iLvALT#X

3900 Ff1RU0A I5115.4n
101 1 a T E UrLT

If ,.IILLn#104804,796I 796 IF .KEXXXIJ87079198
?97 XAX 9 XXXX t 1.

RIFA. d FKI4AS
TlfRlfST 0 0.
r a r - 0111
W 'LI I. .1*

L II
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CARD TO PRINT 80/80

BILL # 0.
TINE P FTIME
GC TO 1903

804 IF %T - TIMEuI90391903,1900
1900 T # T - CELT

CtLI N TIME - T
T N lIME
BILL N BILL El.

1903 BIWI # OIWT -URMAS*DELTa1/32.I740
AMASS U ()IWT
IF 2SENSE LIGHT 403901,3902

3901 ALT N BVL * DELT
GC TC 3903

3902 ALT N YC VY *CELT
3903 VL # bVL

IF UT - TPa900,900,909
900 THETA # THETO

ALPFA # 0.
GO TC 97?0

909 IF IT-%PEAK3u9go901o872
872 ALPIA 0 0.

GC U: 800
901 ALPI-A N AK4
800 THEIA MATANFVY/VXO

9720 IF %TIME -TnS7t1400 1400
j R7 STflP

798 ST (IF
ENC

BOP CLASS 16
C PRUCRAPEC BY W 0 WARREN
C CLASSIFICATION OF WORKING PAPERS

SUBR UTINE CLASS %SCLASSa
IF %SCLASSo400096000t6001

6001 IF ZSCLASS - 1.04000t6002,6003
6003 IF tSCLASS - 2.04000#600494C00
6000 PRINT 6010
6010 FCRPAT %IH ,35XtI2HUNCLASSIFIH)U

PRINT 6011
6011 FORMAT %IH v34X,1'HWORKING PAPERSo

GC IL 6013
6002 PRINT 6012
6012 FORPAT 21H t32X,12HCONFI0ENrIALa

PRINT 6011
GC IC 6013

6004 PRINT 6014
6014 FCRPAT IH ,35X,6HSkCRETa

PRINT 6011

GC TE 6013
4000 STOP
6013 RETbRN

END

I
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CARD TO PRINT 80/80

BOP TAP 16
C PROGRAPPE0 BY W 8 WARREN
C TRAJECTCRY ATMOSPH~ERIC PROPLRTIkS

SUBRO0UTINE TAP %GRAVALTATEMKAPNMM,DEN,SOS,AEMR,
IF %SENSE LIGHIT 4011t 13

11 0IIMEKSICN AP99,4c
SENSE LIGHT 4
00 12 1 0 1.9

105 FCRIPAr %4E15.Ra
REAC 100,UNITS

100 FORI'Ar:15.Bci
13 IF %(UNITS050091000.500

1000 ALT I0 ALT/3.28083989
VL 0 VL/3.28083989

500 GRAV 09.80665*16371239.9/46371239.9 E ALTcu**2
H 0 ALT*6311239.9/%6371239.9 & ALrU
DO 202 1 0 2,9)

22ir tIki - APZI,100203#2029202
22CClN1INIJIE

203 J 0 1-1
AT:PI( #AP4J,2uELH-APJpl1a.AP'~j, 3m
If IAPIJ,3no204,205,204

204 APNMAPJ,4neAPU2/AT3MKu..%.03416479/AP1J,3na
GO TC 206

205 APNPMUAPJ,4a/EXPFI1.034164794n*gH-APZj. 100/APXJV30
206 DEN MU *003483R394u*APNMM/A[EMKu

SCS 0'0.046333*ATFMK*.
IFuNI TS0501.,5029501

502 fRAV 0 GRAV93.28083989
H 4 11 9 3e28083819V ALT II ALT * 3.29083989
CIkN 0 DEN * 2.2205/3.2J83J8966320/32.1?413
%CS J SCS * 3.283989

501 ATLP'R 0 z9ATEMK-273el6Ae*i9*/5,u 1. 491.69
IF 4ALI - 4000009US049504,505

505 lIEN 1 0.

)ic% 4 0.
504 14E IURi4

C I'IJCRpFEY WIND 16
c MICAPPOE BY 8 WAKREN

C W114L PRCPILE
wuimnliorINE WIND ZALT,VWDIIF IUUNSE Lisplt 401191)

It OIPE:,.SICN AW113930
SENSk L IGH11 4

12 REAL 10S9AWU1Xva9AW1It209AWZI93v
105 PCRtpaI 23E15.8u

13 DC 201 102,13

34



CARD TO PRINT s0/a0

IF %ALT - AW2ltlcc203t202o2O2
202 CENT INUE

I N 13
203 J 0 1-1

VW 0 AW2j,2a E %ALT - AW:JtlnD*AW~tJt3t3
501 RETURN

ENDJ

BOP ORAGCO 16' C PROGRAI'VEC BY W B WARREN
C DRAG CLEFFICIENT

SUORICUTINE CRAGCO %CRAGqAMACH,AMu
IF %SENSE LIGHTr 2011,13

11 DIPENSICN ACRAGM940I DO 12 K#199
12 REAC 105IAORAGXK.1O.ADRAGZK,2UADRAG:K,3aADRAGK,40

105 FORPAT %4EI5.80I13 00 20? K#2,9
IF %Am-AD.4AGK t 1093203t 202, 202

202 CONrIE

203 J Ni K-I
IF %A0RAG~j ,4nu204. 205. 204

205 DRAG 0 AM * ACRAGXJ92Q & AORAGJt3aI GO 10 350
204 IF 2ArRAGZJtla -Iola30003C)0301
300 DRAG 0 UAP-ADRAGXJ,2,aoe2a/ADAAGJ,4na F. ADRAGZJ930I GC TC 350
301 DRAG N ADRAGlJ,3a X SQKTFXADRAGJ.4A.:AM-ADRAG:J.2aaoa
350 APACtI 0 AM
500 RETURN

E NC

I3


